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Introduction: abdominal aortic dilatation can occur above the graft following repair of infra-renal abdominal aortic
aneurysm (AAA). This study aimed to determine the incidence and possible aetiological associations of recurrent juxta-
anastomotic aneurysms following open repair of AAA.
Methods: the diameter of the infra-renal aorta above the graft of 135 patients who had previously undergone open AAA
repair was determined using ultrasound. In those where the diameter was greater than 40 mm a CT scan was undertaken.
Co-morbid and operative details were determined from the patients and their clinical notes.
Results: seven patients had true juxta-anastomotic aneurysms (440 mm) in the residual infra-renal abdominal aorta, the
occurrence of which was associated with tobacco smoking and hypertension. There was no association with other co-morbid
factors, surgical operative details or the development of iliac aneurysms (which occurred in 3% of patients).
Conclusions: true juxta-anastomotic aneurysms develop in the residual infra-renal neck of patients following open repair
of abdominal aortic aneurysm. Tobacco smoking and hypertension are significant factors associated with the development of
these aneurysms. This group of patients may warrant surveillance to prevent aneurysm rupture.
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Introduction
Replacing an abdominal aortic aneurysm (AAA) with
an inlay prosthetic graft leaves a small residual infra-
renal aortic neck. As the underlying pathology is pro-
gressive,1 further aortic dilatation above the graft and
below the renal arteries may occur. This is of import-
ance with respect to subsequent aortic rupture1±3 and
the development of endovascular aortic stent-grafts.
The aim of this study was to determine the incidence
and possible aetiological associations of recurrent
juxta-anastomotic infra-renal aortic aneurysm.
Methods
One hundred and thirty-five patients who had under-
gone open repair of an infra-renal AAA 6±240 months
previously were reviewed with their hospital records.
All patients were identified from a prospective aneur-
ysm database. Patient deaths were identified from
a hospital database. Cause of death was also noted
if a post-mortem had been performed. All other
patients attended for review if medically fit. An
abdominal ultrasound was performed on each patient
by a single consultant radiologist (SCW) to determine
the size of the infra-renal aorta above the graft and the
size of the common iliac arteries. In patients whose
supra-graft abdominal aorta was greater than four
centimetres in maximum diameter a thoracoabdom-
inal contrast enhanced spiral computerized tomo-
graphy (CT) scan was undertaken and the relationship
between the enlarged aorta and other visceral vessels
determined. If the renal arteries and aorta were not
adequately visualized then the scan was repeated up
to three times and then a CT was obtained. To identify
factors, which may influence juxta-anastomotic
aneurysm formation, their association with patient
demographic and co-morbid characteristics as well
as with operative details were tested using the
Mann±Whitney U-test. A p value of 50.05 was
considered significant.
Results
Patient demographics and co-morbidity are shown in
Table 1 and operative details in Table 2. Ultrasound
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identified forty-two (31%) patients who had supra-
graft aortas greater than 3 cm in diameter, seven of
which were greater than 4 cm and two greater than
5 cm (Fig. 1). Thoracoabdominal CT of the patients
with juxta-anastomotic AAAs greater than 4 cm con-
firmed that all were true aneurysms. In four cases the
aneurysm was contained below the renal arteries with
no supra-renal component. In three cases the aortic
diameter at the level of the renal arteries was greater
than 3 cm with the aneurysm extending towards but
Table 1. Patient demographics and co-morbidity
Number of patients in study 135
Age at operation (median, inter-quartile
range in years)
68 (63±74)
Sex (female:male) 19:116
Ischaemic heart disease 35 (26%)
Hypertension 30 (22%)
Congestive cardiac failure 11 (8%)
Cerebrovascular disease 7 (5%)
Peripheral vascular disease 23 (17%)
Diabetes mellitus 3 (2%)
Thromboembolic disease 2 (1%)
Chronic renal failure 1 (1%)
Chronic obstructive airways disease 6 (4%)
Tobacco smoke (at time of surgery):active 46 (34%):24 (18%)
given up
Table 2. Abdominal aortic aneurysm repair details
Aneurysm
Maximum aneurysm diameter, mm (median,
inter-quartile range)
68 (48±70)
Rupture/non-rupture 41:94
Surgical repair
Surgeon (consultant:other) 93:42
Anaesthetist (consultant:other) 90:45
Graft
Aorto aortic tube graft
86
Aorto iliac/femoral bifurcated graft 49
Proximal diameter, mm (median,
inter-quartile range)
20 (18±22)
Duration, mins (median, inter-quartile range) 150 (120±180)
Blood transfusion, units (median,
inter-quartile range)
3 (2±5)
Hypotension (5100 mmHg)
Number of patients 73
Time, min (median, inter-quartile range) 15 (10±30)
Post-operative details
Length of stay, days (median, inter-quartile range)
Intensive Care Unit 1 (1±3)
In hospital 13 (10±18)
Complications (%)
Wound infections 5 (4)
Wound haematoma 4 (3)
Chest infection 25 (19)
Myocardial infarction 3 (2)
Deep vein thrombosis 7 (5)
Cerebrovascular events 2 (1)
Renal failure 10 (7)
Trash foot 10 (7)
(a)
(b)
(c)
Fig. 1. (a) Axial CT of Dacron graft; (b) supra-graft true aneurysm;
(c) spiral CT reconstruction.
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not above the diaphragm. One patient also had a 5 cm
ascending aortic aneurysm.
In 13 of the 86 (15%) patients who had undergone
aorto-aortic tube graft repair the common iliac artery
diameter was greater than 3 cm on at least one side.
A common iliac artery was greater than 4 cm in three
of these cases. Patients who were hypertensive or who
actively smoked at the time of surgery were more
likely to develop juxta-anastomotic AAAs (p0.023,
p0.033 respectively). There was no association
between juxta-anastomotic AAAs and the patients'
age, sex or previous medical history; nor with the
pre-operative site of the aneurysm and mode of pre-
sentation (elective or ruptured). Pre-operative details
and post-operative complications similarly had no
influence on juxta-anastomotic AAA recurrence.
Juxta-anastomotic AAA was not associated with sub-
sequent iliac artery aneurysm development.
Discussion
Seven out of 135 (5%) patients who had previously
undergone AAA repairs had true supra-graft, juxta-
anastomotic aortic aneurysms measuring 4 cm or
greater in maximum diameter on CT. Patients with
aortic necks less than 4 cm did not undergo CT because
it was possible that 30±35 mm necks were not judged as
aneurysmal in the emergency setting and anastomosis
may have been placed on to the dilated aorta. This
incidence is higher than reported by the Mayo clinic
who found seven such true juxta-anastomotic aneur-
ysms out of 1087 patients reviewed,1 but similar to
Edwards et al. who found four out of 53 patients.4
Without specifying whether the recurrent aneurysms
were true or false the Henry Ford Hospital found
eight recurrent aneurysms proximal to the original
repair anastomosis in a series of over 2000 cases5 and
Siewswaerda et al. had three out of 115.6
There have been conflicting reports regarding the
fate of the proximal aortic neck following both open
and endovascular aneurysm repair. Results from our
own centre suggested there was no significant change
in proximal aortic neck diameter in 112 patients during
a 4 year period following endovascular repair.7 Con-
versely Illig8 and Sonesson9 demonstrated significant
aneurysm neck dilation following open and endovas-
cular repair respectively. There have been attempts
to correlate pre-operative aneurysm morphology,
particularly neck diameter with subsequent develop-
ment of neck dilation and aneurysm formation. The
results have, however, been contradictory.10,11 More-
over, the former study was unable to demonstrate
any association between non-morphological patient
factors and subsequent dilation of the aortic neck.10
In our study hypertension (p0.023) and smoking
(p0.033) were significantly associated with recurrent
aneurysm formation. Both these factors have similarly
been associated with increased growth rates in small
primary AAA.12 It has been suggested that a popula-
tion of patients exists in whom there is rapid dilation
of the infra-renal neck following open repair.13 The
clinical characteristics and pre-operative neck dia-
meter of this sub-group of patients did not significantly
differ from those undergoing a more gradual dilation.
The cause of recurrent aortic dilatation at this site
is unknown. The underlying disease process stimu-
lates aneurysm formation elsewhere in the thorax
and abdomen in 5% of patients following AAA
repair.1,14,15 However, in this study no relationship
was found between juxta-anastomotic AAA and the
development of iliac aneurysms.
Hypertension and smoking are associated with
further aneurysm formation elsewhere following
AAA repair and may point to the cause of the under-
lying disease.1 There was no relationship between
recurrence and time interval between surgery and
ultrasound review. Nevertheless only two juxta-
anastomotic AAAs were found in patients scanned
within 49 months of surgery. However, we acknowl-
edge that only small numbers of recurrent aneurysms
were available in this study which may have given
some bias to the results. A mean of 60 months between
surgery and detected recurrence is less than that
reported by Edwards et al. of 144 months.4
Surgical technique may influence juxta-anastomotic
AAA formation.1,16 For example, undertaking the
proximal anastomosis a distance to the renal vessels,
leaves a long residual neck of normal aorta, which can
subsequently dilate. Mistaking the waste between the
two dilatations of an hourglass shaped AAA for the
true infra-renal aortic neck produces the appearance
of a recurrent aneurysm above the repair. Similarly,
a small thoracoabdominal aortic aneurysm could be
treated as an infra-renal aneurysm, the graft being
inserted below the renal arteries where the aorta
appears narrow. However, in this series the operative
policy has been to insert the aortic graft near to the
identified renal arteries and all thoracoabdominal
aneurysms have been treated separately. In cases
where this policy may not have been affected to,
such as ruptured AAA repairs or non-consultant sur-
geon performed operations, there was no increase in
juxta-anastomotic AAA formation.
Current evidence suggests that post-operative sur-
veillance following open repair for the detection of
juxta-anastomotic aneurysms is not worthwhile due
to low yield. Yields are likely to remain low because of
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the difficulty in identifying those patients at high risk
of subsequent neck growth and aneurysm forma-
tion.10 Our results would seem to suggest that hyper-
tensive patients and those who continue to smoke
represent a cohort who are at higher risk of develop-
ment of recurrent aneurysms and may benefit from
surveillance. Although the exact role of these factors
and any effect of their modification on growth of the
aortic neck remains undetermined.
Timing surgical repair of a juxta-anastomotic AAA
depends on the individual patient. Traditional open
repair of these lesions is associated with significant
morbidity and mortality rates, which may exceed
20%.17 Many patients are old with concomitant dis-
eases, however, if left untreated their aneurysms will
rupture1,18±20 making surgery even more challenging.
Repair of juxta-anastomotic aneurysms depends on
vessel anatomy. If there is residual neck of normal
calibre aorta below the renal arteries an interposition
graft is inserted between the original graft and the
infra-renal aorta while the supra-renal aorta is
clamped. If the juxta-anastomotic AAA involves the
renal and visceral arteries these branches are anasto-
mosed via Carrel patches to an interposition Dacron
tube between the old graft and the infra-diaphragmatic
aorta.19,21 More recently endovascular repair of para-
anastomotic pseudoaneurysms has been advocated22
but this technique relies on a sufficient proximal
and distal neck to achieve an adequate haemostatic
seal, a feature that is less certain with recurrent true
aneurysms.23
The significance of this study is not only with respect
to subsequent aortic rupture but also with regards to
the use and development of endovascular aortic stent-
grafts. Poor securement of the proximal stent in the
infra-renal aortic neck resulting in endoleak (the leak-
age of blood outside the stent but within the aneurysm
sac) and failure to isolate the aneurysm sac is associated
with subsequent aneurysm rupture.24 With the aortic
neck continuing to enlarge, late endoleak and rupture
of the originally isolated AAA remains a possibility.
In conclusion, juxta-anastomotic aortic aneurysms
(440 mm) occur in 5% of patients who have under-
gone open AAA repair. Patients who are hypertensive
or continue to smoke appear to be at particular risk of
recurrent aneurysm development. These patients may
warrant surveillance to prevent aneurysm rupture.
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